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Description 

FIELD OF THE INVENTION 

fOOOl] The present invention relates to a purification 
method of a closed water area In a bay, a lake, a marsh, 
a dam ial«, etc., In which water is dead and less mova- 
ble, and to an apparatus for use in the purification. 

BACKGROUND OF THE INVENTION 

[0002] In a closed water area in a bay, a sea water cul- 
ture has been carried out for a long time. Since the 
water in a bay is less exchangeable with a water of open 
sea. the water in a bay is polluted due to self-contami- 
nation. Also, in a lake, a marsh and a dam lake, the 
water is polluted due to inflow and accumulation of 
domestic waste water. Since the water in a closed water 
area is less exchangeable as mentioned above, the 
water is thermally stratified most of a year as shown in 
Fig. 4. The stratification of the water in a closed water 
area occurs due to a density gradient between a surface 
layer water, a middle layer water and a t)ottom layer 
water. The density gradient is caused by a decrease in 
the density of the surface layer water due to a heat of 
solar radiation and a temperature difference between 
the water and air contacting the water surface. The ther- 
mal stratification of Fig. 4 consists of. from the bottom, a 
bottom layer 52 having a low temperature and a high 
density, a thermocline layer 53 thereon in which the 
temperature abruptly changes, and a surface layer 54 
having a high temperature and a low density. In addition 
to the stratification due to the temperature difference, a 
stratification due to a difference in dissolved oxygen 
(DO) contents may occur. 

[0003] The atmospheric temperature and the sun- 
shine intensity changes daily and annually, and the 
water is stratified depending on the daily change and 
annual change. In Fig. 4, a dashed cun^e 41 shows a 
temperature distribution of a surface layer water in the 
daytime, and a curve 42 shows a temperature distribu- 
tion in the night. The temperature distribution in the 
night is nearly the same as a temperature distnlxjtion 
caused by the annual differences in sunshine intensity 
and the atmospheric temperature. In the temperature 
distribution curve 42, the portion 53 in which the tem- 
perature changes abruptly is referred to as a primary 
thermocline layer. A surface l^er 54 referred to as a 
secondary thermocline layer has a higher temperature 
which changes abruptly, and occurs due to the daily dif- 
ferences in sunshine intensity and the atmospheric tem- 
perature. 

[0004] Since the bottom layer water has a low temper- 
ature and the sunlight does not reach the bottom layer, 
the photosynthesis by phytoplanktons does not take 
place there and oxygen Is not released to the bottom 
layer. Also, since the stratification prevents the convec- 
tion of the water, the dissolved oxygen (DO) in the sur- 



face layer Is not transfen-ed to the bottom layer. 
Therefore, the bottom layer water forms an oxygen-defi- 
cient water mass having a DO content of nearly zera 
[0005] Contrary to the bottom layer, since the surface 

5 layer has a higher temperature and receives a sufficient 
amount of sunshine, the photosynthesis by phytoplank- 
tons vigorously occurs therein and oxygen in the air 
contacting the water surface is also dissolved into the 
surface layer water, the DO content of the surface layer 

10 water reaches 8-10 ppm, in some cases, reaches a 
supersaturated amount of about 30 ppm. 
[0006] In the stratifying phase (summer season in 
which a large temperature difference is created 
between the surface layer, the middle layer and the bot- 

is tom layer), the oxygen-deficient water mass on the mud 
of the sea-bottom or late-bottom becomes a density 
current (thin laminar flew) and ftows into a recessed or 
depressed portion of the sea-bottom or lake-bottom and 
accumulated there. In the recessed portion, organte 

20 substances such as dead bodies of phytoplanktons are 
sedimented and accumulated to form the mud. In the 
oxygen-def ident water mass having a k3w DO ooncen- 
tration. anaerobic bacteria actively produce from the 
mud nutritive salts of organic acids, amnxuiia, phos- 

25 phoric add. etc. and poisonous gases such as hydro- 
gen sulf ide to make the oxygenKlef'icient water mass 
more eutrophic. 

[qOOT] In late summer or autumn (from September to 
October in Japan) in which the atmospheric tenrpera- 
30 ture sometimes becomes kiwer than the water tempera- 
ture, tiie tiiermal stratification of tiie closed water area is 
gradually disappeared to enter upon a circulating 
phase. At be beginning of ttie circulating phase, the oxy- 
gen-deficient water mass in tiie bottom layer occasion- 
as ally rises near tiie surface layer by some external 
causes such as a transitory wind to kill the cultured 
f ishes, etc. in a short time Also, since tiie oxygen-defi- 
cient water mass is rich in the nutritive salts, tiie oxygen- 
delicient water mass rising into ttie surface layer receiv- 
40 ing a strong sunlight causes an explosive growtii of phy- 
toplanktons such as water bloom, thereby preventing 
the good use of the water. 

[0008] The temperature distributions in the depth 
direction of the same closed water area (Ohfunato Bay 

45 in Iwate-ken, Japan) are shown in Fig. 5A for the strati- 
fying phase in summer (August) and in Rg. 5B for the 
circulating phase in late autumn (November). Figs. 6A 
and 6B schematically show tiie distribution of the dis- 
solved oxygen concentration in tiie water depth direc- 

so tion of ttie same closed water area in the same season 
as In Figs. 5A and 5B. In summer, botii the water tem- 
perature and the dissolved oxygen concentration 
change consecutively from the surface layer to the deep 
layer to form a stable stratification. However, in late 

55 autumn, tiie stratification is disappeared and the distri- 
butions of ttie water temperature and ttie dissolved oxy- 
gen concentration become unclear. In summer in which 
tiie closed water is tiiermally stratified, tiie oxygen-defi- 
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cient water mass having a DO concentration of 4 ppm 
(mg/liter) is likely to be formed particularly in a recessed 
portion of the sea-bottom and lake-bottom. 
[0009] To avoid the damage due to the rise of the oxy- 
gen-deficient water mass into the surface layer, pro- 
posed is a method for disappearing the oxygen- 
defident water mass in the bottom layer, in which the 
bottom layer water containing the oxygen-deficient 
water mass is pumped up and discharged into the sur- 
face layer to mix the oxygen-defident water mass with 
the surface layer water to diffuse the oxygen-deflcient 
water into the oxygen-rich water of the surface layer of 
the closed water area. In another method, the oxygen- 
defident water mass is disappeared by discharging a 
sucked surface layer water into the bottom layer to mix 
the surface layer water and the bottom layer water. 
[001 0] As a means for practidng the above method, 
Japanese Patent Laid-Open No. 5-309395 discloses 
agitating aeration apparatuses shown in Figs, 7 and 8. 
[001 1 ] The agitating aeration apparatus of Fig. 7 com- 
prises a float 101 and a pump 102 vertically suspended 
from the float 101. The pump 102 comprises a dis- 
charge casing 103. an Intake casing 104, an electrto 
motor 105. and an impeller 106. An opening 103a of the 
discharge casing 103 is positioned In the surface layer 
water, and an opening 104a of the intake casing 104 is 
positioned in the bottom layer water. Upon rotating the 
impeller 106, the bottom layer water is sucked through 
the opening 104a of the intake casing 104 as shown by 
arrows A. A. and discharged horizontally from the open- 
ing 103a of the discharge casing 103 In the direction 
shown by arrows B. B. 

[001 2] The agitating aeration apparatus of Rg. 8 com- 
prises a float 1 1 1 and a pump 112 vertically suspended 
from the float ill. The pump 1 12 comprises an intake 
casing 113. a discharge casing 114. an electric nx^tor 
1 15, and an impeller 1 16. An opening 1 13a of the intake 
casing 1 13 is positioned in the surface layer water, and 
an opening 114a of the discharge casing 114 is posi- 
tioned in the bottom layer water. Upon rotating the 
impeller 116. the surface layer water is sucked through 
the operting 1 1 3a of the intake casing 1 1 3 as shown by 
arrows C. C, and discharged horizontally from the open- 
ing 114a of the discharge casing 114 in the direction 
shown by arrows D, D. 

[001 3] However, the known apparatus has the follow- 
ing disadvantages. 

[0014] In the agitating aeration apparatus of Fig. 7. 
since the bottom layer water of low tenperature is dis- 
charged into the surface layer water of high tempera- 
ture, the discharged bottom layer water f fows downward 
to cause convection currents in the vertical direction, 
thereby failing to be suffidently mixed witii the surface 
layer water. In the agitating apparatus of Fig. 8, the con- 
vection cun-ents in the opposite direction to the above 
are caused. When the convection cun'ents reach a 
steady state, a stable flow pattern of convection cur- 
rents and a stable DO diffusion flume are formed 



around the agitating aeration apparatus therel)y creat- 
ing a DO concentration distribution in which DO is satu- 
rated in the central portion of the agitating aeration 
apparatus and the DO concentration decreases with 

5 increasing distance from the apparatus. Namely, the 
surfeice layer water and the bottom layer water are 
mixed and diffused only in a nan^ow portion around the 
agitating aeration apparatus, and as a result thereof. 
DO is transferred only to a limited area. 

10 [0015] Japanese Patent Laid-Open Na 7-136637 dis- 
doses an agitating apparatus 121 as shown in Fig. 9. 
which conrprises an upper agitator of top-suddng and 
side-discharging type and a lower agitator of bottom- 
sucking and side-discharging type. The upper agitator 

IS has a vertical cylinder 1 22. at the center of which a sut>- 
mersible electric nuxer 123 equipped with a rotating 
Impeller is disposed, and a discharging means 127 dis- 
posed below the cylinder 122 and comprising two hori- 
zontal plates 124, 125 and a projection 126 for 

20 regulating the water flow. The lower agitator has a simi- 
tar construction to that of the upper agitator and is 
attached to the lower surface of the upper agitator with 
upside down. The suriace layer water sucked from a top 
opening of the cylinder 122 is accelerated by the mixer 

25 123 to be discharged from the discharging means 127 
in the horizontal directions. Likewise, tiie bottom layer 
water sucked from a bottom opening of the cylinder 122' 
is accelerated by the mixer 123' to be discharged from 
the discharging means 1 27' in the horizontal directions. 

30 Thus, in the agitating apparatus of Japanese Patent 
Lidd-Open No. 7-136637. the surface layer water of low 
density and high temperature is discharged from the 
upper discharging means 127, and the bottom layer . 
wat^- of high density and low temperature is discharged 

35 from the low©- discharging means 127, respectively in 
the horizontal directions. Since the discharged surface 
layer water moves upward and the discharged bottom 
layer water moves downward due to the density difter- 
ence between them to Independently forms respective 

40 convection currents, the surface layer water and the kx>t- 
tom layer water are not sufficiently mixed and a broad 
horizontal diffusion of the discharged water does not 
occur. 

[001 6] Accordingly, an object of the present invention 
45 is to solve the disadvantages in the known agitating 
apparatus, and provide a method in which the surface 
layer water and the bottom layer water are effidentiy 
mixed to each other and the mixed water is rapidly dif- 
fused over a wide range of the closed water area, and 
so an apparatus practicing the method. 

DISCLOSURE OF THE INVENTION 

[0017] As described above, in the closed water area 
55 in lake, marsh, dam take, bay. etc., the surface layer 
water is warmed by the heat of sunshine and the air 
contacting the water surface to cause the temperature 
gradient in the water of dosed area Theretbre. the 



3 



5 



EP0959048A1 



6 



water of closed area is thermally stratified most of the 
year. As shown In Fig. 4, the thermal stratification com- 
prises, from the bottom, a deep layer (bottom layer) 52 
of low temperature and high density, a thermocllne layer 
53 thereon in which the temperature changes abruptly s 
with respect to the depth, and a surface layer 51 of high 
temperature and low density. In the daytime, a second- 
ary thermocllne appears due to the difference in the 
sunshine intensity and the atmospheric temperature 
between daytime and night. Although depending on the io 
water depth, the shape of the bottom, the atmospheric 
temperature, the sunshine intensity, etc., the surface 
layer 51 has a temperature of 18-23°C and is formed at 
surface to a depth of about 4 m, the thermodine layer 53 
has a temperature of 1 6-1 9*^0 and is formed at a depth is 
of about 4-6 m. The deep layer 52 Is a water layer with 
a lower temperature formed under the thermodine 
layer. The secondary thermocllne is formed at a depth 
of about 1 .5-2 m and is rich in phytoplanktons and DO. 
[0018] W^ter flowing into the closed water area moves 20 
along the bottom thereof, and when reaches a water 
layer with the same density, the water diffuses into the 
water layer in the form of a laminar current over a wide 
range of the closed water area. Such a diffusion is 
called as a density cun-errt diffusion. 2S 
[0019] The inventors have found that when a mixture 
of the bottom layer water forming an oxygen-deficient 
water mass and the surface layer water forming an oxy- 
gen-rich water mass prepared in a mixing/diffusion 
apparatus is discharged nearly horizontally into a spe- so 
cific water layer in the thermal stratification, the dis- 
charged mixed water forms a density current to diffuse 
rapidly over a wide range of the closed water area. The 
present invention has accomplished by this finding. 
[0020] Thus, in a fist aspect of the present invention. 35 
there is provide a method fbr purifying a closed water 
area by mixing and diffusing, which comprises the steps 
of (1) sucking a surface layer water and a bottom layer 
water of the closed water area separately; (2) mixing the 
surface layer water and the bottom layer water to pre- 40 
pare a mixed water; and (3) discharging the mixed water 
Into a water layer having a temperature nearly the same 
as that of the mixed water to form a density cunrent of 
the mixed water, thereby diffusing the mixed water radi- 
ally in nearly the horizontal direction through the water 45 
layer, the water layer constituting one of stratified layers 
of the dosed water area comprising a plurality of water 
layers having different temperatures and different densi- 
ties. 

[0021] In a second aspect of the present invention, so 
there is provided a mixing/diffusing apparatus compris- 
ing (1) an upper intake for sucking a surface layer water 
of a closed water area disposed in a vertically upper 
portion of the apparatus. (2) a lower intake for sucking a 
bottom layer water of the dosed water area disposed in ss 
a vertically lower portion of the apparatus. (3) a sucking 
means for sucking at least one of the surface layer water 
and the bottom layer water, and (4) a mixing/discharging 



means for mixing and discharging the sucked surface 
layer water and bottom layer water disposed at a verti- 
cally intermediate portion between the Mpper intake and 
the lower Intake. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Fig. 1 is a schematic illustration showing a manner 
of practidng tiie present invention; 
Rg. 2 is a aoss sectional view showing a mix- 
ing/diffusing apparatus of the present invention; 
Rg. 3 is a cross sectional view showing another 
mixlng/diffusing apparatus of the present invention; 
Rg. 4 Is an Illustrative presentation showing each 
layer of water constituting a themial stratification 
and a temperature distribution in the thermal strati- 
fication; 

Rgs. 5A and 5B are schematic illustration showing 
a seasonal change in the water temperature of the 
thermally stratified water; 

Rgs. 6A and 6B are schematic illustration showing 

a seasonal change In the DO ooncentration; 

Rg. 7 Is a partial cross sectional view showing a 

conventional agitating aeration apparatus; 

Rg. 8 is a partial cross sectional view showing a 

another conventional agitating aeration apparatus; 

and 

Rg. 9 is a partial cross sectional view showing a still 
another conventional agitating aeration apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] The present invention will be described in more 
detail referring to the drawings, in which like reference 
numerals indicate like parts. 
[0024] An embodiment of practicing the present inven- 
tion is schematically illustrated in Rg. 1. Reference 
numeral 1 shows a lake, reference numeral 2 is a lake- 
bottom, and reference numeral 3 is a recessed portion 
on the lake-bottom 2. Reference numeral 5 is a lake 
water being stratified into a surface layer water 51. a 
themnodine 53 and a bottom layer water 52. The tem- 
perature distribution of tine lake water is shown by a 
curve 12. 

[0025] The surface layer water 51 dissolves oxygen 
from air and photosynthesis of phytoplanktons therein 
to create an oxygen-rich condition having a DO concen- 
tration of 8-30 ppm. Since the sunlight hardly reaches 
tiie bottom layer water 52 and photosynthesis by phyto- 
planktons hardly occurs tiierein. the bottom layer water 
52 is in an oxygen-deficient condition of a DO concen- 
tration of about 0-2 ppm. When tiie water is sti-atlfied. 
tiie surface layer water and the bottom layer water are 
not drculated. As a result tiiereof. tiie surface layer 
water forms an oxygen-rich water mass, and the bottom 
layer water stays in tiie bottom portion (deep portton) 
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forming an oxygen-deficient water mass. 
[0026] A mixing/diffusing apparatus 7 is vertically sus- 
pended from a float 6 floating on the surface of the strat- 
ified \bMb water 5 so that an upper intake 8 is positioned 
in the oxygen-rich surface layer water 51 and a lower 
intake 9 is positioned in the oxygen-deficient t)ottom 
layer water 52 while facing to a recessed portion 3. A 
discharge opening 10 of a mixingydischarging means 1 1 
is adjusted so as to be positioned in a thermocline (pri- 
mary thermocline) 53 at about 4-6 m deep, a water layer 
beneath the thermocline 53, or a water layer below a 
secondary thermocline 54 (daily thermocline formed 
a daily change) at water surface to a depth of about 1 .5- 
2 m. The float 6 rides at mooring ropes (not shown). 
[0027] Fig. 2 is a cross sectional view showing the 
mixing/diffusing apparatus 7 of the present inventton. 
An upper end of a hollow cylindrical upper casing 71 is 
made into a tulip-like bell mouth 71b, an upper opening 
thereof forming the upper intake 8 for sucking the sur- 
face layer water into the apparatus. A conical diffuser 
71a is disposed to a lower portion of the upper casing 
71 . An upper end of a hollow cylindrical lower casing 72 
is made into a inverted conical diffuser 72a, and a tower 
end thereof is made into a bell mouth 72b, a lower open- 
ing thereof forming the lower intake 9 fbr sucking the 
bottom layer water into the apparatus. The diffuser 71a 
and the diffuser 72a f^ce to each other so that marginal 
peripheries 71a and 72a define a circular discharge 
opening 10. A space defined by inner surface of the dif- 
fuser 71a and the diffuser 72a is divided into two axial 
(verticaO equal parts by a flow control disk 73 disposed 
horizontally The flow control disk 73 is fixed to the 
periphery of the diffusers 71a, 72a by a plurality of f ixing 
means 77 disposed on the flow control disk 73 along the 
circular periphery so as not to disturb the discharge of a 
mixed water. To ensure the mixing of the surface layer 
water and the bottom layer water respectively sucked 
into the apparatus from the upper intake 8 and the lower 
intake 9 before discharging form the discharge opening 
10, the outer diameter of the flow control disk 73 is 
made smaller than the maximum outer diameters of the 
diffusers 71a, 72a (outer diameters of peripheries 71c, 
72c). 

[0028] A pump impeller 74 is attached to a lower end 
of a rotating shaft 75 which vertically extends through 
the upper casing 71, the fk)w control disk 73 and the 
lower casing 72. An upper end of the rotating shaft 75 is 
connected to a driving means 76 which is disposed 
preferably on the float 6. To avoid shaking and deforma- 
tion of the long rotating shaft 75. the rotating shaft 75 is 
preferably made into a rigid structure or supported at its 
intemiediate portion by a bearing memt)er 73a formed 
In the central portion of the flow control disk 73. The 
float 6 and the mixing/diffusing apparatus 7 are con- 
nected to each other by a suitatrie means (not shown). 
[0029] Upon rotating the pump impeller 74 by the driv- 
ing means 76, the bottom layer water 52 is forcedly 
sucked into the apparatus from the lower intake 9 as 



shown by arrows. The sucked water moves ip in the 
lower casing and reaches the diffuser 72a, at which the 
sucked water is changed to flow radially by the flow con- 
trol disk 73 and then the water is radially discharged at 

5 a high speed from the discharge opening 10 in nearty 
the horizontal direction. The cEscharged water induces 
the discharge of the water in the space between the dif- 
fuser 71a and the flow control disk 73 from the die- . 
charge opening 10 by an ejector effect (a negative 

10 pressure generated by a high-speed discharge of 
water). 

[P030] When continuing the operation, the bottom 
layer water 52 is fbrced to be continuously sucked Into 
ttie apparatus from the lower intake 9 by the action of 
IS rotating pump impeller 74. On the ottier hand, tfie ejec- 
tor effect induces tiie intake of the suriace layer water 
51 through tiie upper intake 8 in the direction indicated 
by arrows. The sucked surfece layer water and the bot- 
tom layer water are mixed In the space between the 
20 periphery of the diffusers 71a. 72a and the discharge 
opening 1 0 to give a mixed water, which is continuously 
and radially discharged from the discharge opening 10 
in neariy the horizontal direction. Since the conical inner 
surface of the diffuser 71a. 72a tapers toward the dis- 
ss charge opening 1 0, the surface layer water and the bot- 
tom layer water are efficiently mixed witii each other 
before discharged. 

[0031] The temperature of the mixed water is deter- 
mined by the temperatures and the mixing ratio of the 

30 surface layer water 51 and the bottom layer water 52. By 
measuring In advance the tenperature distrikxjtion of 
ttie closed water area being purified by the mixingAlif- 
fusing apparatus of tiie present invention, the tempera- 
tures of tiie bottom layer water 52 and tiie suriace layer 

35 water 51 can be readily determined. Rom tiie tempera- 
tures thus determined and tiie mixing ratio to be 
employed, the temperature of the mixed water can be 
readily estimated. Also, from the temperature distribu- 
tion measured in advance, a water layer having the 

40 same temperature as ttiat of the mixed water is suitably 
selected and the position of discharge opening of tiie 
mixing/diffusing apparatus 7 is adjusted so that tiie 
mixed water is discharged into the water layer thus 
selected. The temperature difference between tiie 

45 mixed water and the water layer to which the mixed 
water is discharged is preferably 1*^0 or less. 
[0032] In this embodiment of tiie mixing/diffusing 
apparatus, a driving water (water forcedly sucked) Is the 
bottom layer water 52, and an induced water being 

so sucked by the ejector effect is the suriace layer water 

51 . The driving water may be the suriace layer water 51 , 
and tiie induced water may be tiie bottom layer water 

52. The mixing ratio of the driving water and tiie induced 
water is preferably 1 :2 to 1 :5 by weight, because a high 

ss ejector effect is obtained. The sucking rate of the bottom 
layer water (driving water) is usually 4-100 mVmin 
although it depends on the rotational number of the 
pump impeller 74, the inner diameter and the tengtti of 
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the lower casing 72. the aoss sectional area of the dis- 
charge opening 10, the gap tjetween the diffuser 72a 
and the flow control disk 73 near the discharge opening 
10, etc. The sucking rate of the surface layer water 
(induced water) depends on the ejector effect due to the 
discharged bottom layer water, and increases with 
increasing linear speed of the discharge. For example, 
when the linear speed of discharging the bottom layer 
water is increased by narrowing the gap between the 
diffuser 72a and the flow control disk 73 near the dis- 
charge opening 10, the forced sucking amount of the 
bottom layer water is deaeased with a result of increas- 
ing the ejector effect, thereby increasing the sucking 
amount of the surface layer water. In this manner, the 
mixing ratio can be easily changed in the above range. 
[0033] As described above, the density current diffu- 
sion is most effective to rapidly diffuse the oxygen-defi- 
cient water mass (bottom layer water) over a wide range 
of the closed water area. When the mixed water is dis- 
charged into the thermodine having a large tempera- 
ture gradient or a water layer beneath the thermodine, 
the density current is stabilized and the laminar density 
current spreads rapidly over a wide range. When the 
secondary thermodine with a large temperature gradi- 
ent is formed on the surface or its vicinity (surface to a 
depth of 1 .5-2 m) in the daytime, the mixed water is dis- 
charged preferably into a water layer beneath the sec- 
ondary thermodine because the density current is 
diffused effectively. The linear speed of discharging the 
mixed water is preferably 0.5-3 mfeea 
[0034] Since the surface layer water moving toward 
the upper intake 8 forms a thin laminar density current 
the surface layer water is sucked into the apparatus at 
an extremely high speed and does not disturb the water 
flow around the upper intake 8. Also, due to the Inter- 
vening secondary thermodine, the flow of surface layer 
water and the density cunrent l>eing diffused do not 
interact to each other to ensure the rapid diffusion of the 
density current. 

[0035] The oxygen-deficient water mass is supplied 
with DO by mixing in the apparatus with the surface 
layer water containing an oxygen-rich water mass. Also, 
since the front end of the density curent becomes lam- 
inar to diffuse horizontally, the density cun-ent is further 
supplied with DO from the oxygen-rich water layer 
above and below the density current, and the diffusing 
density current disappears while absorbing heat energy 
from the surroundings. 

[0036] Fig. 3 is a cross secttonal view showing 
another mixing/diffusing apparatus of the present inven- 
tion, in which the same parts as in Fig. 2 are referenced 
by the same reference numerals. As shown in Rg. 3, a 
rotating disk 80 having an upper blade 80a and a lower 
blade 80b respedively fixed on the upper surface and 
lower surface thereof is disposed between dtffusers 
71a. 72a, The rotating disk 80 is connected to a driving 
means 76 through a rotating shaft 75. Upon rotating the 
rotating disk 80 by the driving means 76, the surface 



layer water and the bottom layer water are forcedly 
sucked into the apparatus respectively through an 
upper intake 8 and a lower intake 9. 
[0037] The Intake amount of the bottom layer water is 
5 regulated by suitably seleding the height and length in 
the radial direction of the lower blade 80b, the rotating 
number of the rotating disk 80, the inner diameter of a 
lower casing 72. ete. The intake amount of the surface 
layer water is regulated suitably selecting the height 
10 and length in the radial direction of the upper blade 80a, 
the rotating number of the rotating disk 80, the inner 
diameter of an upper casing 71, ete. By suitably control- 
ling the respective intake amounts, a desired mixing 
ratio of the surface layer water and the bottom layer 
IS water can be attained. 

[q038] The method of the present invention may be 
applied to the purification of a dosed water area having 
a water depth of about 2-50 m. and the diffusion radius 
of the mixed water reaches about 1 .5 km with the mix- 
20 ing/d'rffusing apparatus as the center. In some cases, 
the diffusion radius may reach over 1.5 km. However, 
since a tracer, usually lithium chloride, disappears due 
to diffusion, it is difficult to know the exact diffu8k>n 
radius over 1.5 km. 
25 [0039] Since the mixing/diffusing apparatus of the 
present invention pumps up the water below the surface 
of water, the output power required for a pump is rela- 
tively small for considering the lift of pump. Generally, 
the output power is determined by taking into account 
30 the mixing energy of the surface layer water and the bot- 
tom layer water before discharging, loss due to pipes 
while taking some margin of power. 
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[0040] As described above, the present invention is 
characterized by sucking the bottom layer water con- 
taining the oxygen-defident water mass and the surface 
layer water containing the oxygen-rich water mass into 
40 the mixing/diffusing apparatus, mixing them before dis- 
charging, and discharging the mixed water nearly hori- 
zontally into a specific water layer in the stratified water. 
The temperature of the mixed water is controlled by suit- 
ably selecting the mixing ratio of the bottom layer water 
45 and the surface layer water. Then, the mixed water thus 
controlled is radially discharged Into a water layer hav- 
ing the same temperature as that of the mixed water in 
nearly the horizontal diredion. By discharging the sur- 
face layer water and the bottom layer water after mixing 
so into a water layer having nearly the same temperature, 
the convection cun-ents of the surface layer water and/or 
the bottom layer water in the vertical direction can be 
effectively avoided, and in addition, the mixed water 
becomes a stable density current to ensure a rapid dif- 
55 fusion of the mixed water over a wide range of the 
dosed water area. 

[00411 Water areas such as a water basin and a lake 
basin on a coast and inland are very shallow for its area, 
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since they have a depth/diameter ratio of 1/100 to 
1/1000. In such water areas, it is impossitjie to diffuse 
the sucked water over a wide area by a known agitating 
apparatus and agitating aeration apparatus, because 
the known apparatus causes convection cun-ents. How- 
ever, according to the method of the present Invention, 
since the mixed water forms the density current to dif- 
fuse rapidly over a wide range of the closed water area, 
the ck>sed water area can be easily and eff Identiy puri- 
fied. 

[0042] When the method of the present Invention Is 
practiced In spring (around /\pril in Japan) before the 
oxygen-deficient water mass is formed, the excessive 
formation of the oxygen-deficient water mass can be 
avoided. In autumn (around October in Japan) In which 
the stratification disappears and the circulating phase 
begins, the amount of oxygen-defk:ient water mass is 
decreased spontaneously. Therefore, the method of the 
present invention does not have to be practiced in 
autumn in view of saving energy, when practiced from 
spring. 

[0043] It has been known that ttie oxygen-deflclent 
water mass is concentrated in a depresston on ttie bot- 
tom. When the bottom of bay, lake, marsh, etc. Is flat, a 
gentie slope or a depression having a density current 
gradation is artifidalty formed on the bottom to generate 
there the oxygen-deficient water mass. Thereafter, the 
mixing and diffusion of the surface layer water and the 
bottom layer water can be effectively done according to 
the present invention. 

[0044] The bottom layer water has a low tennperature 
and is rich in nutrient The present Invention promotes 
the efficient use of tiie low temperature and nutrient of 
the bottom layer water. 

. Claims 

1 . A method for purifying a closed water area by mix- 
ing and diffusing, which comprises the steps of: 

sucking a surface layer water and a bottom 
layer water of said closed water area; 
mixing said surface layer water and said bot- 
tom layer water to prepare a mixed water; and 
discharging said mixed water into a water layer 
having a temperature nearly the same as that 
of said mixed water to form a density current of 
said mixed water, thereby diffusing the mixed 
water radially in nearly the haizontal directton 
through said water layer, said water layer con- 
stituting one of stratified layers of said closed 
water area comprising a plurality of water lay- 
ers having different temperatures and different 
densities. 

2. The method for purifying a closed water area by 
mixing and diffusing according to claim 1, wherein 
said water layer into which saki ntixed water Is dis- 



charged is a thermodine layer or a water layer 
beneatti saU thermodine layer. 

3. The method fbr purifying a dosed water area by 
5 mixing and diffusing according to daim 1 or 2, 
virherein said bottom layer water being sucked is a 
bottom layer water staying in a depression on a bot- 
tom of said closed water area. 

10 4. The method fbr purifying a dosed water area t>y 
mixing and diffusing according to any one of daims 
1-3, wheren a mixing ratio of sakJ bottom layer 
water and saki surface layer water is 1 :2 to 1 :5. 

IS 5. A n^ng/diffusing apparatus comprising: 

an upper Intake fbr sucking a surface layer 
water of a dosed water area deposed In a ver- 
tically upper portion of saki apparatus. 

20 a lower intake fbr sucking a tx}ttom layer water 

of sakl dosed water area disposed in a verti- 
cally lower portion of sakl apparatus, 
a sucking means fbr suddng at least one of 
sakl surface layer water and saki bottom layer 

25 water through said upper or lower intake, and 

a mixing/discharging means fbr mixing and dis- 
charging the sucked surface layer water and 
bottom layer water from a discharge opening, 
saki mixing/discharging means being disposed. 

30 at a vertically intermediate portion between 

saki upper intake and sakl tower intake. 

6. The mixing/diffusing apparatus according to daim 
5, wherein saki apparatus is constructed so that 

35 one of saki bottom layer water and saki surface 
layer water is sucked by said sucking means and 
discharged from saki discharge opening, and tiiat 
the other of saki bottom layer water and said sur- 
face layer water is suctod and discharged by an 

40 ejector effect due to the discharge of saki one of 
said bottom layer water and saki surface layer 
water. 

7. The mixing/diffusing apparatus according to claim 5 
45 or 6. wherein saki upper intake and saki lower 

intake are constructed so as to respectively suck 
said bottom layer water and said surface layer water 
along ttie vertical direction, and saki mixing/dis- 
charging means is constructed so as to discharge a 
so mixed water of said bottom layer water and saki 
surface layer water radially in a direction perpendic- 
ular to saki vertical direction. 

8. The mixing/diffusing apparatus according to any 
55 one of daims 5-7. wherein a means for driving saki 

upper and lower intakes and said mixing/discharg- 
ing means Is disposed above said upper intake. 
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